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Abstract
The purpose of this study was to investigate how commercial motor vehicle (CMV) drivers’ performance with adaptive cruise 
control (ACC) was affected by weather conditions. The study analyzed 33,000 hours of naturalistic data across 78 CMV drivers 
throughout the United States. It was found that drivers set their ACC speed to an average of 63m/h, regardless of weather 
conditions. It was also found that users of one brand ACCallowed the system to control the headway of the vehicle for 7.4% of 
the time in adverse weather compared to 6.0% of the time in non-adverse conditions. Finally, the study found that the mean 
headway in adverse conditions was longer using ACC compared to manual driving across both brands ACC. Manufacturers of 
ACC systems do not recommend their use in adverse conditions, and their observed use in this study indicates their performance 
in adverse weather needs to be better understood.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
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1. Background
Several new technologies have been introduced in recent years to reduce the number of accidents involving large 
trucks. One such technology, called collision mitigation systems, is designed to help prevent or reduce the 
consequences of front end collisions on tractor trailers. These systems use a radar on the front bumper and an in-
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vehicle display to give drivers feedback on potential conflicts in front of the vehicle. The display provides visual and 
auditory alerts to the drivers in a potential conflict, and can apply the vehicle’s brakes automatically if the driver 
does not respond. 
The features of collision mitigation technology are designed to improve safety and are generally outside the 
control of the driver (though the driver controls the responses to these features). However, these systems do come 
with one safety feature which is under the driver’s control;adaptive cruise control (ACC). ACC is a Level 1 
automation technology [1]that uses the radar of the system to control both the speed and distance to the forward 
vehicle while cruise control is active. Drivers can control when ACC is activated and what speed the ACC is set to. 
Because drivers control these aspects, it raises the question of whether drivers are using it in ways that improve
safety.
The goal of this study was to investigate how commercial motor vehicle (CMV) drivers participating in a 
naturalistic driving study were observed to use ACC technology in adverse weather conditions during their normal 
work routine. To better understand this issue, the following three questions wereconsidered:
x Do CMV drivers set their ACC speed differently in adverse conditions?
x Do CMV drivers use ACC lessin adverse conditions?
x Do CMV drivers maintain a different manual headway than ACC in adverse conditions?
Manufacturers of collision mitigation systems do not recommend ACC be used in adverse weather conditions, 
and the implications of using ACC in adverse weather are not well understood. By understanding how drivers 
currently use the technology, manufacturers and commercial trucking companies can improve the designs of the 
systems and the training that accompanies them in order to maximize the safety benefits.
2. Methods
2.1. Naturalistic data
The data used in this study was selected from an ongoing naturalistic driving study of 150 tractor trailers. Test 
vehicles were equipped with a data collection system designed by the Virginia Tech Transportation Institute 
(VTTI)(Figure 1). The system was designed to mount to the windshield and plug into the J1939 port of the study 
vehicles. It collected video of the forward roadway and the driver along with gyroscope and GPSdata (Figure 2). It 
also collected a number of variables from the vehicle network, including speed, acceleration headway, brake and gas 
pedal application, as well as steering angle. Datawere collected whenever the vehicle was in motion. The data were 
returned to VTTI where it was synchronized for analysis. Data collection was ongoing at the time of analysis, and 
the data for this study included 33,000 hours of driving across 78 drivers and 79 vehicles. One participant switched 
vehicles during the study, but both vehicles were the same make and were equipped with the same brand of ACC 
system.
Fig. 1. VTTI’s data acquisition system.
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Fig. 2. Video captured by VTTI’s data acquisition system.
2.2. Collision mitigation technology and ACC
In addition to VTTI’s data collection system, the vehicles in the study were equipped with either the Bendix 
Wingman® Advanced or Meritor WABCO OnGuardTM collision avoidance system. Both of these systems include an 
ACC featurethat gives the driver the ability to use Level 1 automation while driving. ACC works with a radar 
mounted on the front of the vehicle to track the speed and distance to lead vehicles. When activated, ACC will 
maintain the speed set by the driver unless a lead vehicle is present and is driving slower. When a slower lead 
vehicle is present the ACC will slow the subject vehicle to maintain a minimum headway. This ACC will accelerate 
the vehicle back up to the reference speed if the lead vehicle is no longer present or increases its speed.
The ACC technology is unique among the features of collision mitigation technology in that the driver is able to 
control when it is used and the speed at which it is set. Using the max speed input by the driver, the system will 
attempt to maintain a minimum headway. The headway varies by system with Wingman® maintaining a 2.8 or 3.5
second headway (depending on OEM) and OnGuardTM maintaining a 3.6 second headway. Bendix and Meritor 
WABCO state that ACC should not be used in adverse weather conditions, including snow, sleet, rain, fog, and ice
[2,3]. Using naturalistic driving data, this study investigatedif and how CMV drivers use the technology in adverse 
conditions.
2.3. NOAA weather data
The naturalistic data set analyzed in this study contains GPS data for all trucks while driving. By combining this 
data with the National Oceanic and Atmospheric Administration (NOAA) weather data set for the same time periods 
it was possible to determine if adverse weather conditions such as precipitation were present. The NOAA data set 
was divided into 1-hour blocks of time and listed the amount of precipitation that occurred over the course of each 
hour. In order to merge the data sets, any precipitation was assumed to be uniform over the 1-hour blocks it was 
reported. This study used the precipitation values reported in the NOAA dataset as an indicator of adverse 
conditions and aligned them with driving time in the naturalistic data. However, because NOAA data is reported as 
an hourly amount it may not have been raining during the entire 1-hour timeframe. When this paper refers to 
“adverse conditions” it should be understood that it includes some data where there is the potential for adverse 
conditions or precipitation, specifically immediately before or after actual precipitation. These periods of potential 
adverse conditions or precipitation were still of interest because roadway conditions or visibility may not meet the 
manufacturer’s guidelines for ACC usage.
2.4. Car following filters
The most meaningful comparison for ACC is to instances of manual car following. When there is no lead vehicle 
present, or the lead vehicle is traveling faster than the truck, ACC behaves like traditional cruise control and only 
regulates the speed of the vehicle. In order to study how drivers specifically use the adaptive functionality of the 
ACC, focus must be placed on the times ACC is controlling both speed and distance.
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After merging the naturalistic data with the NOAA data set several filters were applied to isolate ACC usage in 
which the driver is intentionally allowing ACC to control both speed and distance. First, only data above 35m/h was 
considered. This removed conditions in which cruise control is not typically used and any inadvertent activations. 
Second, only ACC usage in which the system controlled both speed and distance for at least 30 seconds were 
considered. This represents times in which the driver was deliberately allowing the system to follow a lead vehicle.
This also filtered out short-term periods where ACC controlled speed and distance. These short-term periods may 
not represent pre-meditated usage of the adaptive functionality, such as the participant preparing to pass or getting 
passed by another vehicle.
In order to compare this data to manual driving, a similar set of filters was applied to the manual driving data. 
First, only data above 35m/h was considered, since below this ACC is not a viable alternative to manual driving. 
Second, only manual driving in which the distance to the lead vehicle followed a 3rd degree parabolic curve for at 
least 30 seconds was considered. This represents times in which the driver was manually following the car in front 
of him, analogous to times in which the ACC would be controlling both speed and distance. A 3rd degree parabolic 
curve models the natural oscillations that occur when a driver manually attempts to maintain a headway to a lead 
vehicle over time. Third, the headway could not go above 4.5 seconds in order to be considered an instance of 
manual car following.
Finally, the data were organized by participant and by brand of ACC manufacturer. The brands are represented 
anonymously as Company A and Company B in the results. While this is not a product comparison, the ACC 
systems on each company’s product operate slightly differently. Averages were calculated for all the dependent 
variables for each of the 78 participants being investigated. These averages were used in the analyses to determine if 
there were differences in how participants used ACC during adverse conditions. It should be noted that participants 
did not have equal amounts of data in the analysis. At the time of analysis, data collection was ongoing and 
participants had not spent equal amounts of time in the study. 
3. Results
3.1. Do CMV drivers set their ACC speed differently in adverse weather conditions?
Drivers’ mean speed at which participantsset their ACC speed was not significantly different from non-adverse to 
adverse weather conditions, F value = 3.03, p value > .05. There was also no significant difference between 
Companies A and B, F value = 1.45, p value > .05.
Company A drivers set ACC at a mean speed of 63 m/h in non-adverse conditions (S.E. = .25 m/h, n = 23, min = 
60.89 m/h, max = 64.74 m/h) and 63 m/h in adverse conditions (S.E. = .45 m/h, n = 23, min = 57.54 m/h, max = 
65.24 m/h). Company B drivers set ACC at a mean speed of 63m/h in non-adverse conditions (S.E. = .21 m/h, n = 
41, min = 61.59 m/h, max = 67.20 m/h) and 63 m/h in adverse conditions (S.E. = .25 m/h, n = 41, min = 59.18 m/h, 
max = 67.32 m/h). 
There were 14 participants (7 each from Company A and Company B) that did not have any instances of ACC 
controlling speed and distance for at least 30 seconds during at least one of the weather conditions. These 
participants were not included in the analysis.
3.2. Do CMV drivers use ACC less in adverse conditions?
Drivers equipped with ACC from Company B used ACC in car following situations significantly less often
during adverse compared to non-adverse weather conditions, estimated percentage difference = 1.40 percent, t value 
= 4.73, p value <.0001. There was no significant difference in ACC usage from non-adverse to adverse weather 
conditions for company A, estimated difference = .11 percent, t value = 1.12, p value >.05.
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Fig.3. Mean and Error Bars of the Percentage of Time Using ACC, by Weather Condition and Company.
Company B drivers used ACC, on average, 7.4 percent of the time in non-adverse weather conditions (S.E. = 
1.01 percent, n = 47, min = .02 percent, max = 28.52 percent) compared with a mean of 6 percent of the time in 
adverse weather conditions (S.E. = .95 percent, n = 47, min = .00 percent, max = 23.76 percent). Company A drivers 
used ACC, on average, .80 percent of the time during non-adverse weather conditions (S.E. = .19 percent, n = 30, 
min = .00, max = 4.01) compared with a mean of .69 percent during adverse weather conditions (S.E. = .16 percent, 
n = 30, min = .00 percent, max = 3.69 percent). A plot of mean and error bars of the percentage of time using ACC, 
stratified by weather condition and company, is displayed in Figure 3.
3.3. Do CMV drivers maintain a different manual headway when following in adverse conditions?
Drivers equipped with ACC from Company B saw a significant headway increase when ACC was active, 
estimated increase = 1.63 seconds (s), t value = 33.87, p value < .0001. Drivers equipped with ACC from Company 
A also saw a statistically significant, but smaller, mean headway increase across drivers significantly increased 
when ACC was active, estimated increase = .29 s, t value = 5.15, p value <.0001. The increase in headway from 
manual to ACC was significantly greater in Company B’s system than Company A’s system, estimated difference = 
1.33 s, t value = 17.89, p value < .0001. Additionally, mean headway was significantly higher in adverse weather 
conditions, estimated difference = .09 s, t value = 2.33, p value = .0214.
For drivers equipped with ACC from Company A, the mean manual headway was 2.39 s (S.E. = .05 s, n = 44, 
min = 1.95 s, max = 3.05 s) and the mean ACC headway was 2.68 s (S.E. = .04 s, n = 44, min = 1.91 s, max = 3.28 
s). For drivers equipped with ACC from Company B, the mean manual headway was 2.39 s (S.E. = .03 s, n = 62, 
min = 1.64 s, max = 3.06 s)and the mean ACC headway was 4.02 s (S.E. = .05 s, n = 62, min = 2.42 s, max = 5.42 s. 
In non-adverse weather conditions, the mean headway was 2.88 s (S.E. = .07 s, n = 106, min = 1.86 s, max = 4.70 s), 
while in adverse conditions the mean was 2.97 s (S.E. = .08 s, n = 106, min = 1.64 s, max = 5.42 s). Mean and error 
bar plots for mean headway, by automation type and weather condition, are displayed in Figure 4 for Company A 
and Figure 5 for Company B.
0
10
20
30
40
50
60
70
80
90
100
Company A Company B
P
er
ce
n
ta
g
e 
o
f 
Ti
m
e 
w
it
h
 A
C
C
 a
n
d
 C
ar
 F
o
llo
w
in
g
Company
Non-Adverse Adverse
2782   K. Grove et al. /  Procedia Manufacturing  3 ( 2015 )  2777 – 2783 
Fig.4. Mean and Error Bars of Mean Headway for Drivers Equipped with Company A’s ACC, by Weather Conditions and Automation Level.
Fig.5. Mean and Error Bars of Mean Headway for Drivers Equipped with Company B’s ACC, by Weather Conditions and Automation Level.
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4. Discussion
The results suggest drivers are using ACC in car following situations slightly less during periods of adverse 
weather compared to non-adverse weather. Additionally, they are not changing the speed setting of ACC when 
doing so. It should be noted, however, that drivers are using ACC in car following situations for a relatively small 
percentage of their overall driving time. Because manufacturers do not recommend ACC be used in adverse 
conditions it is unclear whether drivers are reducing their risk in these circumstances. Additionally, it opens the 
question of whether ACC use in adverse weather should be considered misuse or abuse of the system. Further 
investigation is needed to determine how effective ACC is at avoiding conflicts in adverse weather conditions. 
Additionally, manufacturers may need to consider misuse or abuse during adverse weather in their design of the 
system and companies may need to consider this when training their drivers.
The differences between companies regarding how often drivers use ACC could be due to several factors. First, 
as mentioned earlier the two products differ slightly in the headway they maintain. This could affect the drivers’ 
choice to use the system. Second, there may be geographic differences in where participants in the study drove using 
Company A and Company B’s product. Users of Company A tended to be based in Southeastern and Southwestern 
US states, while users of Company B tended to be based in Midwestern, Northeastern, and Southeastern US states. 
Drivers frequently traveled long distances from their base of operations, but these geographic differences may have 
had an effect. The GPS data collected may be analyzed in the future to determine if this is a factor.
As stated earlier, the NOAA weather data used in this study was divided into 1-hour blocks in which a total
precipitation value was reported. This means that actual precipitation may not have occurred over the entire 1-hour 
period. The periods before and after precipitation are still of interest because the roadway conditions and visibility 
may not meet manufacturer guidelines for ACC usage. The analysis in this study could be improved by using video 
data to verify the roadway, visibility, and atmospheric conditions in the naturalistic data. The naturalistic data 
analyzed in this study includes video of the forward roadway that could be used for this purpose. The video data 
could also be used to qualitatively assess the severity or specific types of adverse conditions that are present. It is 
possible that certain conditions or certain severities of conditions have an impact on ACC usage and its benefits. A 
reduction of this video data to verify environmental conditions will be considered in future analyses.
The results of this study shed light on how commercial vehicle drivers are using ACC technology in the real 
world. While further investigation is needed to fully understand why they are using it in adverse conditions, the 
results show that manufacturers need to account for adverse weather in their designs and training. There is also a 
need to better understand the benefits and risks of using ACC in adverse conditions so that this can be incorporated 
into the designs and training. Finally, there is a need to train drivers on the use of ACC, as their current behavior 
does not align with manufacturer policy.
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